b Background: Motivational physical activity (PA) interventions are effective in increasing PA behavior among healthy adults; however, the impact of these interventions on cardiorespiratory fitness (CRF) has not yet been examined. b Objective: The purpose of this meta-analysis is to quantitatively synthesize CRF outcomes of motivational PA interventions among healthy adults. b Methods: Comprehensive searching identified studies testing motivational PA interventions with CRF outcomes. Two independent coders extracted data. Data were synthesized using standardized mean difference effect sizes (ESs , d) under a random effects model. Heterogeneity was assessed, and moderator analyses were conducted using subgroup analyses and meta-regression. b Results: Data were analyzed from 11,458 primary study subjects. The overall mean ES for CRF was 0.48 (p G .01), which corresponds to a difference in VO 2 max of 2.5 mL/kg/min between treatment and control groups. Studies were significantly heterogeneous (Q = 133.29, p G .01). Significant moderators included age (" = j0.02, p = .01) and recommending endurance plus resistance exercises (d = 1.04) versus recommending only endurance exercise (d = 0.47). b Discussion: Motivational interventions designed to increase 294
PA can improve CRF among healthy adults. Clinicians should recommend endurance and resistance exercise to improve CRF in this population. Future primary research should test interventions longitudinally and across more diverse populations. Although other moderators examined in this study did not show a significant effect on ES, the number of comparisons available for moderator analyses was small. b Key Words: cardiorespiratory fitness & exercise & meta-analysis & physical endurance C hronic illnesses are the leading cause of death and disability in the United States and are a significant public health issue (Centers for Disease Control and Prevention [CDC] , 2012). The most common chronic illnesses among adults are type 2 diabetes mellitus, heart disease, stroke, and chronic respiratory illnesses (CDC, 2012) . However, these chronic illnesses are largely preventable through behavioral risk modification.
Physical inactivity has been cited as one of the primary causes of chronic illness; therefore, increasing physical activ-ity (PA) can be an optimal target for chronic illness prevention (CDC, 2012) . One mechanism by which PA contributes to chronic illness risk reduction is cardiorespiratory fitness (CRF), defined as the capacity of the cardiovascular and respiratory systems to provide oxygen during sustained PA (U.S. Department of Health and Human Services, 2008) . CRF has been linked with improvements in cardiometabolic risk markers (Rhe´aume et al., 2011) , reduced visceral adiposity (Farrell, Finley, McAuley, & Frierson, 2011; Rhe´aume et al., 2011) , improvement in other anthropometric measures (Crist et al., 2012) , maintenance of normal insulin function and secretion (Larsen, Anderson, Ekblom, & Nyströ m, 2012) , and lower systolic blood pressure (Chen, Das, Barlow, Grundy, & Lakoski, 2010) . Furthermore, higher levels of CRF have been associated with reduced risk of sudden cardiac death (Laukkanen et al., 2010) , heart disease (Williams, 2010) , metabolic syndrome (Crist et al., 2012) , cognitive impairment (Sattler, Erickson, Toro, & Schrö der, 2011) , and cardiovascular and all-cause mortality (Blair et al., 1996; Myers et al., 2002) . Therefore, CRF can be an important clinical target and health indicator. Figure 1 depicts the potential relationships between PA interventions, PA behavior, CRF, and chronic disease risk. Interventions to enhance PA behavior may be divided into two broad, although conceptually distinct, categories: supervised or motivational PA interventions. Supervised PA interventions are highly dependent on strictly formatted and monitored PA sessions to change PA behavior. These interventions may require costly trained personnel to deliver and supervise sessions as well as specialized equipment and locations. Motivational PA interventions focus on strategies such as educational and motivational content to promote independent PA behavior change. Examples of this type of intervention would include educational sessions, clinician recommendations, exercise prescriptions, or counseling. These interventions do not necessarily require specific equipment or personnel and may even be delivered in the community or home environment. As a result, these types of interventions may be more feasible to implement in diverse locations. For example, nurses may deliver a motivational PA intervention in a clinical setting during a routine patient visit.
Although it is known that interventions intended to educate and motivate healthy adult subjects to independently increase PA behavior are modestly effective in changing PA behavior (Conn, Hafdahl, & Mehr, 2011) , it is not yet known to what extent these motivational PA interventions may contribute to improvements in CRF. There have been very few reviews of the literature examining the effects of motivational/ educational PA interventions on CRF among healthy adults (Mü ller-Riemenschneider, Reinhold, Nocon, & Willich, 2008; Oja, 2001; Simons-Morton, Calfas, Oldenburg, & Burton, 1998) . All prior reviews combined outcomes from both motivational-type interventions and interventions involving supervised exercise sessions. Most of the older reviews did not include a quantitative synthesis of PA intervention effects on CRF (Oja, 2001; Simons-Morton et al., 1998) . The most recent meta-analysis of PA interventions that investigated effects on CRF only included three studies from 2001 to 2007, thereby excluding older, potentially eligible studies with valuable data (Mü ller-Riemenschneider et al., 2008) . Moreover, moderator analyses were not conducted. Thus, knowledge related to the effects of sample characteristics and doses of motivational PA interventions on increasing CRF is yet unknown. Furthermore, a research gap exists regarding the effect of these interventions varying PA behavior recommendations on CRF.
The benefits of higher CRF are known, especially in the attenuation and prevention of cardiovascular disease. The purpose of this meta-analysis is to provide new research knowledge related to the effectiveness of motivational PA interventions on improving CRF among healthy adults. Determining the effectiveness of these types of interventions on CRF and identifying specific characteristics that impact effectiveness will help clinicians better understand how to help healthy adult clients achieve higher CRF. Thus, the researchers have conducted a comprehensive search of the PA intervention literature to identify potentially eligible studies for inclusion in the quantitative synthesis. Furthermore, moderator analyses were performed to investigate factors that may impact effectiveness. The research questions for this study were the following:
1. What is the overall effectiveness of motivational PA intervention on CRF? 2. Do CRF outcomes vary depending on the design, sample, or intervention characteristics of the studies?
Methods
Data from this meta-analysis were obtained from a larger parent study funded by the National Institutes of Health examining the overall effects of PA interventions on increasing PA behavior among healthy adults (Conn et al., 2011) . Data from this present study overlap with a separate report of workplace PA interventions (Conn, Hafdahl, Cooper, Brown, & Lusk, 2009 ). Seventeen two-group comparisons, 17 control group preYpost comparisons, and 44 treatment preYpost comparisons are included in the analysis of both studies; however, this study differs greatly because of the specific focus on only motivational-type PA intervention effects on fitness outcomes regardless of intervention location and moderator analyses of these intervention effects. An exhaustive search of the literature was conducted to locate potentially eligible studies. Multiple search strategies were employed, such as online database, author, and ancestry searching. The 13 databases searched were MEDLINE, PubMed, EMBASE, Healthstar, Cochrane Controlled Trials Register, SPORTDiscus, PsychINFO, Nursing and Allied Health Database, Dissertation Abstracts International, Combined Health Information Database, Database of Abstracts of Reviews of Effectiveness, Educational Resources Information Center, and Google Scholar. Sample MEDLINE intervention search terms were ''adherence, behavior therapy, clinical trial, compliance, counseling, evaluation, evaluation study, evidence-based medicine, healthcare evaluation, health behavior, health education, health promotion, intervention, outcome & process assessment, patient education, program, program development, program evaluation, self-care, treatment outcome, and validation study.'' Sample MEDLINE search terms for PA were ''exercise, exertion, exercise therapy, physical activity, physical fitness, physical education & training, and walking.'' No specific search terms were used for fitness outcomes because these have been inconsistently applied; furthermore, the primary focus of the parent study was related to PA outcomes. Multiple research registers were also searched, such as the National Institutes of Health Computer Retrieval of Information on Scientific Projects, Australian/ New Zealand Clinical Trials Registry, and the metaRegister of Controlled Trials. Both published and unpublished literature was searched through these databases and registries. In addition, 82 journal titles from 1960 to 2007 were hand searched by research staff. The journals searched were selected based on relevance to PA intervention research and PA behavior among healthy adults. Maximum year searched using all search strategies was restricted to 2009 because of limitations from the larger parent study. These diverse search strategies were used to minimize bias (Hopewell, Clarke, & Mallett, 2005; Rothstein & Hopewell, 2009 ). The review protocol was not registered but is available from the corresponding author. In summary, published and unpublished studies were included in this metaanalysis if they (a) described motivational interventions designed to increase PA behavior among adults aged 18 years and older, (b) measured CRF as an outcome, (c) provided enough data to calculate effect size (ES), and (d) were written in English. Research staff attempted to contact authors of primary studies that met the inclusion criteria but lacked usable data to calculate an ES.
Motivational PA intervention was conceptually defined as any deliberate intervention intended to motivate subjects to independently increase PA behavior, exclusive of supervised exercise interventions. An intentionally broad definition of motivational PA interventions was used to capture the diversity of PA interventions, allowing for subsequent moderator analyses. PA was defined as ''any bodily movement produced by the contraction of skeletal muscle that increases energy expenditure above a basal level'' (CDC, 2011) . Specific search terms related to motivational PA interventions were not used because specific search terms for this topic are not available. Instead, the comprehensive searching focused on intervention studies with fitness outcomes. This broader searching was necessary given the diverse interventions which could be defined as motivational interventions. Studies were evaluated for the type of PA intervention (e.g., motivational or supervised exercise intervention) during the coding and data extraction phase of the parent study.
CRF was defined as the capacity of the cardiovascular and respiratory systems to provide oxygen during sustained PA (U.S. Department of Health and Human Services, 2008). The gold standard of CRF measurement is maximum oxygen uptake, or VO 2 max, and is closely related to the functional capacity of an individual's cardiovascular system (McArdle, Katch, & Katch, 2009; Vanhees et al., 2005) . VO 2 max captures an individual's ability not only to achieve a specified intensity but also to exercise to a specified duration at that intensity. Direct measures of VO 2 max occur in a laboratory setting and involve cardiopulmonary monitoring while an individual exercises to exhaustion using incremental increases in intensity. VO 2 max is subsequently calculated based on the physiologic data collected as well as the duration and maximum intensity of exercise endured (McArdle et al., 2009) . Because measuring direct VO 2 max is difficult and is an expensive test to perform, several other tests have been used to indirectly measure and predict VO 2 max with varying degrees of error (Vanhees et al., 2005) . Submaximal exercise testing using an exercise treadmill or cycle ergometry protocol are the most commonly used methods in the clinical setting. These tests base predicted VO 2 max on heart rate response to graded exercise testing and tend to underpredict VO 2 max (Dabney & Butler, 2006; Grant, Corbett, Amjad, Wilson, & Aitchison, 1995; McArdle et al., 2009) . Various patient-related (e.g., motivation, age, gender, medications, current health, and physical fitness) and operator-related variables (e.g., ability to manage equipment, specific protocol used, ability to motivate patient) impact the validity and reliability of these tests in predicting VO 2 max.
Metabolic equivalents (METs) are convenient and clinically useful descriptors for exercise intensity. VO 2 max may be converted to METs by dividing the VO 2 max value by 3.5 ml/kg/min (McArdle et al., 2009 ). The result is an individual's maximum MET capacity. The amount of METs ascribed to various exercise types is available from a wide variety of resources, and clinicians may use this information to recommend specific activities to improve CRF (Ainsworth et al., 1993; McArdle et al., 2009; Thompson, Gordon, & Pescatello, 2010) .
Study Quality
Primary study quality impacts the validity of meta-analysis research (Valentine, 2009 ). Determination of primary study quality for meta-analyses is a contentious issue. Various ways of determining study quality in meta-analysis research exist, but there is no standard (Balk et al., 2002; . Although the most common method of determining primary study quality for meta-analyses involves using a quality scale, these numerous different measures unreliably capture dimensions of quality; furthermore, study quality determined by these scales may not be associated with primary study outcomes . Inadequate reporting of quality measures (e.g., randomization, treatment fidelity, sample size) can also impact the management of primary study quality for all meta-analyses (Valentine, 2009) . As a result, using a combination of strategies to manage primary study quality is recommended Valentine, 2009) . For this study, inclusion criteria, type of study for the main and moderator analyses, and empirical examination of quality features (e.g., randomized allocation) were used.
Data Extraction
Data were extracted using a coding frame developed from prior and related PA intervention research (Abraham & Michie, 2008; Conn et al., 2011; Conn, Valentine, & Cooper, 2002; Michie, Johnston, Francis, Hardeman, & Eccles, 2008) . The coding frame was constructed to capture sample, design, and intervention characteristics as well as outcome data from the studies. The resultant codebook was pilot tested on 30 studies before being used on the entire sample. Coding items reported in this article are available from the corresponding author. Subsequently, two extensively trained staff independently coded each study. Coders compared data to achieve consensus. A third, doctorally prepared researcher verified all effect size data. VO 2 max was coded according to direct or indirect measurement. Coding items with precise directions on how to differentiate between the two types of measures were provided for coders. For example, VO 2 max was coded as a direct measure if oxygen consumption by the subjects was measured directly by a machine that tests their expired air in one of the following scenarios: (a) subjects exercised to exhaustion or very near exhaustion (symptom-limited exercise), and/or (b) subjects exercised to a predetermined percent of maximum age-predicted heart rate, and/or (c) subjects exercised to a predetermined respiratory exchange ratio, and/or (d) subjects' exercise was rated a 19Y20 on a rate of perceived exertion scale. VO 2 max was coded as an indirect measure if it was estimated or predicted by any means, which may or may not involve spirometry.
Data Analysis
All analyses were conducted using Comprehensive Meta-Analysis software (Borenstein, Hedges, Higgins, & Rothstein, 2005) . Study outcome data were used to calculate standardized mean difference effect sizes (ES, d) among studies. Conceptually, the standardized mean difference is the mean of the treatment group minus the mean of the control group divided by a pooled standard deviation. Some studies reported outcomes as mean change scores. To calculate ESs for these studies, each mean change score were added to the baseline mean score to produce a posttest score, and the baseline standard deviation was used. Two-group comparison, treatment versus control, postintervention data were analyzed separately from single-group preinterventionYpostintervention data. To control for preintervention CRF among two-group, treatment versus control, pretestYposttest comparisons, additional data are needed regarding the correlation between treatment predata and postdata as well as the control group predata and postdata. However, none of the studies included in this analysis reported the necessary correlation data. A moderate cor-relation was assumed for this additional analysis; however, because of the uncertainty of assumptions regarding the actual correlations within each study, the postintervention data are reported as the main analysis. Study ESs were weighted by the inverse of the variance so that studies with larger samples weighed more heavily in the analyses. Study ESs were synthesized using a random effects model. This type of model accounts for variation between studies in addition to within-study sampling error. Given the expected diversity between studies in this area of research in terms of study design, sample, and intervention characteristics, this statistical model is more appropriate compared with a fixed effect analysis (Borenstein, Hedges, Higgins, & Rothstein, 2009 ). Effect sizes are presented with 95% confidence intervals (CIs) and p. Statistical significance was set at a p of e.05. The overall mean ES of two-group, treatment versus control, postintervention data was converted to the original metric of VO 2 max. This measure of VO 2 max was subsequently translated into METs for further clinical interpretation. Single-group preinterventionYpostintervention overall mean ES was used to supplement two-group findings.
Heterogeneity of ESs was examined using Q and I 2 statistics and moderator analyses. The Q statistic is the weighted sum of squares produced by determining and squaring the deviation of each study's ES from the mean ES, multiplying by each study's inverse of the variance, and summing the values (Borenstein et al., 2009) . As such, the Q statistic is a standardized measure of the total amount of variation observed across studies. This value may be compared with the amount of expected variation because of within-study differences, expressed as degrees of freedom (df ). The amount of heterogeneity of ES due to between-study differences is determined by subtracting the expected variation (df) from the observed variation (Q; Borenstein et al., 2009) . Although the Q statistic is useful in determining heterogeneity of effects, it is highly dependent on the number of studies analyzed; therefore, a measure of the proportion of the observed variation because of true differences among study ESs, expressed as the statistic I 2 , can be informative. I 2 is calculated by dividing the amount of observed excess variation (Q Y df ) by Q to produce a ratio (Borenstein et al., 2009) .
Moderator analyses further examine sources of variation by exploring differences in characteristics across studies. Exploratory moderator analyses were conducted on several var-iables among the two-group comparison studies to determine the impact, if any, on ES. Potential moderator variables included aspects of motivational PA intervention dose and PA behavior recommendation. Additional variables were selected based on their prior impact in the literature (Conn et al., 2011 (Conn et al., , 2002 Conn, Phillips, Ruppar, & Chase, 2012) . Metaanalytic analogues of analysis of variance and regression were used for dichotomous and continuous variables, respectively. Meta-regression coefficients (B) are unstandardized. Statistical significance for moderators was set at a p of e .05. Only two-group, treatment versus control, studies were used for moderator analyses, because the greater scientific rigor q Note. N = 11,458 subjects. k = number of comparisons for which data were available. ''Comparisons'' refer to the group analyzed within a study. Some studies may have more than one comparison (e.g., multiple treatment groups). BMI = body mass index.
inherent within this research design versus single-group preY post designs would increase validity of these moderator analyses' findings. This study also complies with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist (Moher, Liberati, Teztlaff, & Altman, 2009 ).
Results
Extensive search strategies identified 54,642 potentially eligible studies. Figure 2 depicts study selection. The total number of independent, two-group comparison studies included in the main analysis was 50, with data available for 69 treatmentversus-control comparisons. To supplement findings from the main analysis, 78 studies from which 135 single group, preYpost test data were included. Effect sizes were calculated from a total of 11,458 subjects. Given the large number of studies included in the meta-analysis, only a forest plot of the two-group comparison studies will be presented. Additional information regarding characteristics and ESs for all included single-group, preYpost studies is available in Table 1 lists characteristics of studies included in this meta-analysis. The median sample size was 21 among all included studies. The median of the mean ages of the studies was about 44 years. Women were overall well represented in this research area with a median of 80.5% of participants included in these studies being women. Minority ethnicity was not consistently reported among studies, however. Many participants in these studies were overweight at baseline with a median baseline body mass index of 27.8 and median baseline weight of 78.6 kilograms (172.9 pounds).
Interventions among studies were varied. The median number of intervention sessions was three. The median number of minutes per intervention session was 60 minutes, and these interventions were delivered over a median of 84 days. In terms of intervention content, the median number of recommended days of exercise per week was 4.5. Furthermore, the median number of recommended minutes spent exercising per exercise session was 30 minutes.
Effects of Interventions
Motivational PA interventions significantly improved CRF among healthy adults ( Table 2 ). The ES for two-group, treatment versus control, comparisons at outcome was 0.48 (95% CI [0.37, 0.60], p G .01). Figure 3 depicts the forest plot of ESs for each included study. Controlling for pretest scores, the ES for two-group, treatment versus control, preinterventionY postintervention was 0.62 (95% CI [0.45, 0.78], p G .01). The ES for the treatment group preinterventionYpostintervention among the studies designed as two-group comparisons was 0.42 (95% CI [0.32, 0.53], p G .01). The ES for single-group treatment preinterventionYpostintervention in studies without a control group was 0.32 (95% CI [0.27, 0.38], p G .01). In contrast, control subjects experienced a decline in CRF with an ES of j0.13 (95% CI [j0.21, j0.05], p G .01). The ES of 0.48 for the treatment-versus-control comparisons is consistent with a 2.5 mL/kg/min higher VO 2 max in the treatment group versus control group. In terms of METs, the difference would be 0.83 METs favoring the treatment group. Significant heterogeneity of effects was present across studies (Q = 133.29, p G .01), with almost half of the observed variation because of true differences in ESs across studies (I 2 = 48.99). Figure 4 shows the plot for publication bias for this study, in which smaller reports with negative findings may have been missing from this analysis. Table 3 lists findings for exploratory moderator analyses among dichotomous variables. Presence or absence of study funding or randomized allocation of subjects into groups did not impact overall effectiveness. Studies that recommended endurance plus resistance exercises (d = 1.04) had significantly larger ESs than studies that only recommended endurance exercises (d = 0.47). Recommended intensity level (e.g., moderate or high level) did not appear to impact ESs. Studies that targeted PA behavior alone did not show statistically different ESs from studies that targeted PA behavior in combination with another behavioral target (e.g., diet). Furthermore, ESs were equally effective regardless of the type of interventionist (e.g., exercise specialist or not). ESs did not significantly differ between studies that used a direct versus indirect method of measuring fitness. q Table 4 lists findings for moderator analyses among continuous variables. Among continuous moderators, mean age was a significant moderator with studies of younger subjects demonstrating larger improvements (" = j0.02, 95% CI [j0.03, j0.00], p = .01). Mean body mass index, mean weight, and percent of the sample that were women were not significant moderators. Duration of recommended exercise (" = 0.01, 95% CI [0.00, 0.02], p = .03) and days over which the intervention was delivered (" = 0.00, 95% CI [0.000, 0.001], p = .04) were significant moderators. However, although statistically significant, these findings did not represent clinically significant changes. Similarly, although year of publication was a statistically significant moderator, the impact on ES appeared small (" = j0.01, 95% CI [j0.02, Yj0.00], p = .05). Other intervention characteristics, such as number of intervention sessions and recommended frequency of exercise in days per week, were not significant moderators in this analysis.
Moderator Analyses

Discussion
This is the first study to employ extensive literature search strategies to identify motivational PA intervention studies among healthy adults from which CRF outcome data were quantitatively synthesized. This study provides evidence supporting the effectiveness of motivational PA interventions in improving CRF among healthy adults. Study findings are similar to past literature reviews (Simons-Morton et al., 1998) , including a limited meta-analysis by Mü ller-Riemenschneider and colleagues (2008) . This study goes beyond the previous reviews because the researchers not only expanded the years of inclusion for studies but also conducted moderator analyses. ESs have also been converted to meaningful CRF metrics to facilitate clinical interpretation.
Clinicians should recognize CRF as an important health indicator and a useful clinical target because higher CRF has been linked with numerous positive health outcomes and reduced risk of chronic diseases (Chen et al., 2010; Farrell et al., 2011; Larsen et al., 2012; Rhe´aume et al., 2011) . For example, among healthy middle-aged women, the risk of cancer mortality is increased among obese women in the lower percentile of CRF (Farrell et al., 2011) . Improvement in CRF over time is associated with decrease visceral adiposity and risk of metabolic syndrome among healthy men and women (Rhe´aume et al., 2011) . Risk of elevated systolic BP also decreases with a moderate level of CRF and normal weight (Chen et al., 2010) . Improvement in CRF is also associated with a decrease in all-cause mortality and cardiovascular events in healthy adults (Blair et al., 1996; Kodama et al., 2009) . In a recent meta-analysis, Kodama and colleagues suggest that an increase of 1 MET of maximal aerobic capacity conferred a reduction in risk of 13% for all-cause mortality and 15% for cardiovascular events (Kodama et al., 2009 ). This present meta-analysis showed an almost 1 MET difference between treatment and control groups. Thus, findings from this meta-analysis are clinically significant and useful for practitioners. For example, simply recommending or educating sedentary adult patients on engaging in activities, such as fastpaced walking, that meet the duration of the most recent PA guidelines (Physical Activity Guidelines Advisory Committee, 2008) may improve CRF to achieve important health benefits (Anton, Duncan, Limacher, Martin, & Perri, 2011) . Our moderator analyses presented additional interesting findings. Published guidelines for the quantity and types of PA from the American College of Sports Medicine, American Heart Association, and the Department of Health and Human Services include both endurance and resistance training (Chodzko-Zajko et al., 2009; Physical Activity Guidelines Advisory Committee, 2008) . Examples of endurance exercise would be aerobic activities such as walking, bicycling, swimming, and running. Examples of resistance training would include weight training or body weight exercises. In this analysis, motivational PA interventions that recommended endurance plus resistance exercises showed higher ESs than studies that only recommended endurance exercises. These findings are similar to a recent meta-analysis examining the effectiveness of PA interventions using aerobic alone versus combined resistance and aerobic training among people with coronary artery disease (Brennan, 2012) . Thus, findings from this metaanalysis support the importance of recommending and incorporating both types of PA to improve CRF.
A particularly surprising finding was the lack of impact of recommended intensity in affecting CRF. Progressive and higher intensity PA has been linked with increased CRF (Anton et al., 2011; Metcalfe, Babraj, Fawkner, & Vollaard, 2012) . This moderator analysis finding should be interpreted with caution and may be because of the imprecision of describing and recommending exercise intensity to participants across studies. Furthermore, because participant PA behavior was not actually observed as part of the interventions, no accurate, objective measure of intensity could be obtained.
Method of CRF measurement, either direct or indirect, did not appear to be a significant moderator. This is an important finding because direct testing of VO 2 max is often not feasible in the clinical setting. Furthermore, direct testing of VO 2 max may only capture data for specific populations. For example, directly measuring VO 2 max among older adults, who may have some mobility or cognitive issues, may be more difficult than among younger adults. Although more commonly used in the clinical setting, submaximal predictive tests, such as exercise treadmill and cycle ergometry protocols, have shown varying levels of criterion validity (Dabney & Butler, 2006; Grant et al., 1995 , McArdle et al., 2009 . Findings from this meta-analysis suggest that motivational PA interventions improve CRF regardless of CRF testing method. Consequently, clinicians and researchers may consider tracking their patients' or participants' progress in CRF using typical clinical measures, as opposed to considering a more expensive and burdensome study.
Additional nonsignificant moderators were found. Moderator analyses findings suggest that targeting multiple health behaviors such as diet and PA may be equally effective in improving CRF as interventions solely targeting PA behavior. Furthermore, motivational PA interventions may be effective in improving CRF among patients with varied exercise histories. Effectiveness in improving CRF does not appear to be dependent on intervention delivery by an exercise specialist. Thus, nurses, who operate on the front lines of preventive care, may be adequately poised to successfully implement these types of interventions. These moderator findings should be interpreted with care, however, as absence of statistically significant differences among the variables may be related to the limited number of comparisons available for analysis. Moreover, moderator analyses are hypotheses generating and do not show cause-and-effect relationships. Rather, these findings warrant further primary research directly comparing motivational PA interventions with the presence or absence of these specific variables.
In terms of population characteristics, moderator analyses of these motivational PA interventions showed that younger populations might experience better CRF outcomes than older populations. Aging results in an incremental decrease in CRF, starting at the age of 25 years (McArdle et al., 2009; Spirduso, Francis, & MacRae, 2004) . To improve and maintain CRF, older adults may need PA interventions that focus on different motivational and educational targets than younger populations (Spirduso et al., 2004) . Future research could examine the efficacy of improving CRF through motivational PA interventions that might be more appropriate for older populations.
This study does have some limitations. Meta-analyses are observational studies, and the moderator analyses findings q from this study are intended to encourage further research rather than imply causation. In addition, findings of this metaanalysis may be limited in terms of generalization to diverse populations. The samples from the included studies were all healthy, community-dwelling, predominantly middle-aged adults, with women being fairly well represented. In contrast, ethnically diverse populations as well as older adult populations were less represented. As a result, the findings of this study should be interpreted with caution among these populations. Future primary research is needed to examine the effectiveness of motivational and educational intervention populations who are at higher risk for chronic illnesses and potential disability. Another limitation of this meta-analysis is related to the primary studies included. Although several moderators were examined in this study, data to potentially link actually achieved doses of PA behavior from motivational PA interventions to changes in CRF were not consistently reported across studies. Very few studies reported PA behavior outcome data; thus, meta-regression is not recommended (Borenstein et al., 2009) . As a result, the potential dose-response connection between actually achieved PA behavior and CRF changes is yet unclear. Future studies testing motivational PA interventions' effects on CRF should strive to incorporate valid and reliable measures of PA behavior dose, such as frequency, duration, and intensity.
This study is also limited by the primary studies excluded from the analysis. Some potential studies were excluded because they inadequately reported data. However, these studies may have included some important characteristics of interventions and study designs that could have contributed to identify potential moderators. Publication bias, which results in unintentional exclusion of the unpublished literature, may also limit this meta-analysis (Conn, Valentine, Cooper, & Rantz, 2003; Cooper, Hedges, & Valentine, 2009 ). Although researchers for this study employed extensive and diverse search strategies to uncover all available literature in this research area, the gray literature, such as dissertations and conference abstracts, is still difficult to find and obtain Rothstein & Hopewell, 2009 ). This metaanalysis used data from a larger parent study; thus, limitations related to year of included published studies exist. Moderator analysis of year of publication showed only minimal impact on ES, however.
Despite these limitations, this study has several strengths and adds to the body of research knowledge related to PA interventions and CRF. Specific strengths include the comprehensive strategies used to identify eligible studies and the rigorous methods utilized for data extraction and data analysis. This is the first study to quantitatively synthesize the effectiveness of motivational PA interventions to increase CRF. Furthermore, the moderator analyses conducted for this project have uncovered research gaps that may inspire further studies. This study also has implications for clinical practice and future research. Clinicians should consider implementing motivational PA interventions among their healthy adult clients, not only to increase their PA behavior but also to improve CRF, which could improve health outcomes. Future research should focus on testing these motivational and educational PA interventions among diverse populations to determine their efficacy on CRF and to reduce health disparities. Finally, to contribute to long-term reduction in chronic illness and disability, researchers should examine ways to extend and maintain PA behavior among healthy adults as they age. q
